The improvement of energy consumption efficiency represents a significant task and a critical step toward sustainable energy transformations. This study uses a data envelopment analysis (DEA) and spatial autocorrelation method to conduct comprehensive measurement and assessment research on the economic-environmental efficiency of energy consumption in 31 Chinese provinces. It then carries out a synthetic study on energy consumption efficiency in the context of temporal and spatial dimensions, analyzes the characteristics and patterns related to temporal and spatial evolution, and systematically summarizes the temporal and spatial evolution processes associated with China's economic-environmental efficiency in energy consumption. The results show that economic efficiency and environmental efficiency, both directly related to energy consumption, are positively correlated and display a parallel and synchronizing relationship. China's energy consumption efficiency displays an upward trend in general, although differences exist between economic efficiency and environmental efficiency about the growth rate and overall development level. In other words, economic efficiency is generally higher than environmental efficiency. A positive spatial correlation occurs between economic and environmental efficiency in energy consumption across all the Chinese provinces studied. Furthermore, some cluster characteristic can be identified. Accurately, the eastern coastal area of China with a higher efficiency represents a spatial cluster of high values, whereas the midwestern inland area of China with a lower efficiency represents a spatial cluster of low values. Therefore, a descending pattern is displayed from the east to the west. As time goes by, the extent of clustering could become more prominent, accompanied by an increasing spatial cluster of high values and a decreasing spatial cluster of low values. Accordingly, China needs to improve its energy consumption efficiency further and promote sustainable energy transformations.
Introduction
Energy consumption is a global issue that affects the extent of climate change and environmental pollution. Moreover, it determines whether the goal of global sustainable development can be achieved successfully. One of the core aspects of sustainable energy transformations is to improve energy consumption efficiency, or ensure that the intensity of energy consumption and resource utilization is in line with the Earth's capacity [1] . By doing so, high socioeconomic-ecological values could be achieved at a relatively low cost of energy consumption, environmental alternation, and ecological damage. Given the continuous expansion of the demand for energy, rapid growth in energy consumption and low growth in energy production, one of the top priorities for sustainable development and environmental protection is to reduce energy usage and improve energy consumption efficiency [2] . The economic efficiency of energy consumption represents the economic benefits that energy consumption can provide. Under such circumstances, research on economic-environmental efficiency in energy consumption should not only include an assessment of economic efficiency and environmental efficiency, both closely related to energy consumption issues, but also comprise an assessment of energy consumption efficiency based on economic and environmental factors [3] . China is a vast country with uneven regional development and significant differences exist across its regions regarding energy consumption efficiency [4] . Therefore, the narrowing of the gap in energy consumption efficiency across its regions will help improve the overall energy consumption efficiency at a national level and promote the full realization of sustainable development.
This study uses a data envelopment analysis (DEA) and spatial autocorrelation method to quantify the economic-environmental efficiency of energy consumption in 31 Chinese provinces. Based on a comparative analysis of their evolutionary characteristics and patterns, we further systematically analyze the temporal and spatial evolution processes associated with China's economic-environmental efficiency in energy consumption. On the one hand, this study can help enrich and expand theories of human-land relationships and strengthen China's research on topics related to sustainable energy transformations. On the other hand, it could help the government to scientifically formulate China's sustainable energy transformation and development strategies and effectively coordinate the relationship between energy consumption, economic development, and environmental protection. As a result, the demands of Low-Carbon Green Growth could be met, and the goal of sustainable development could be fully achieved. Therefore, this study is both theoretically meaningful and of practical significance.
Literature Review
Generally speaking, energy consumption efficiency is the maximum output with certain energy input or the minimum energy input with a specified output [5] . The measurement of energy consumption efficiency can be categorized into two major types: Single-factor energy efficiency measurement and total-factor energy efficiency measurement. Single-factor energy efficiency is a partial factor productivity indicator that measures energy consumption and economic efficiency. For a specific economy, it usually refers to the ratio of the effective output to the energy input, as represented by the index of energy consumption per GDP. For example, Jimenez et al. [6] decomposed energy consumption intensity into changes in aspects such as economic structure, production levels, the extent of efficiency and fuel sources. Filippini et al. [7] believed that changes in economic structure, efficiency, technology, and the environment could all lead to changes in energy consumption intensity. Thus, energy consumption intensity was not a good indicator of energy efficiency. Proskuryakova et al. [8] concluded that, although energy consumption intensity could, to some extent, reflect energy consumption conditions, it did not represent energy efficiency effectively. Indeed, the single-factor energy efficiency method only measures a proportional relationship between energy inputs and outputs and fails to take into account all the other factors that function in the process of production, or the combined impacts of these input factors on energy efficiency. By contrast, the total-factor energy efficiency method is based on the theory of total factor productivity (TFP). It considers not only energy input factors that function in the process of production, but also the impacts of other input factors, such as technology, capital, and labor. Thus, it has some distinct advantages over the traditional single-factor energy efficiency method. To some extent, it compensates for the weaknesses of the single-factor energy efficiency method. At present, the measurement method of total factor energy efficiency is mainly based on DEA. According to the measurement scales for a specific study, it belongs to either a large-, medium-, or small-scale type.
At the national level, quite a few studies have been conducted. For example, Gökgöz et al. used the DEA method to measure energy consumption efficiency in EU countries [9] . Simsek [10] quantified energy consumption efficiency in 23 OECD countries and demonstrated that countries such as Ireland, Japan, Norway, Switzerland, the UK, and the US display the highest level of energy consumption efficiency. Borozan [11] also analyzed energy consumption efficiency in the EU region. Wrigley et al. [12] used Australia as an example to address how to improve the energy consumption efficiency of rental properties. Huang et al. [13] studied the driving force of China's energy intensity. Guan et al. [14] measured China's energy and environmental efficiency and analyzed the associated spatial distribution characteristics and evolution patterns. Huang [15] measured China's energy and environmental efficiency and ascertained the characteristics of China's spatial association networks related to energy and environmental efficiency, as well as the associated influencing factors. Also, Suzuki [16] , Jebali [17] , Wang [18] , and other scholars also researched the measurement of energy efficiency at the national level. By contrast, at the provincial or state level, Bhat et al. [19] calculated the energy consumption efficiency and estimated energy saving potential for each Indian state. Ghiyasi [20] quantified the energy consumption efficiency for each Iranian province. Ruizfuensanta [21] conducted a comparative analysis of energy consumption efficiency within the internal regions of Spain and concluded that significant differences existed among the various regions regarding the optimization of energy consumption. Martínez et al. [22] analyzed and evaluated the energy usage and efficiency characteristics of the manufacturing sector across the different regions of Colombia. Xu et al. [23] measured the energy consumption efficiency of nine provinces along the Silk Road Economic Belt and found that this region had a high potential for energy savings. Zhang et al. [24] analyzed the energy consumption efficiency in Xinjiang and pointed out that technological progress was one of the main reasons for improvements in this area. In addition, Saglam [25] , Wu [26] , Qin [27] , and other scholars also researched the measurement of energy efficiency at either the provincial or state level. Finally, for relatively small-scale studies, Poggi et al. [28] explored how to improve the energy consumption efficiency of Portuguese cities at the municipal level. Mohseni et al. [29] studied the energy flow patterns and environmental impacts of the grape production systems for 58 vineyards in Arak County, Iran. Raheli et al. [30] assessed the sustainability and energy consumption efficiency of tomato production industries in the Malan region of East Azerbaijan, Iran. Goto et al. [31] evaluated the operational and environmental efficiency of regional industries in Japan based on surveys of manufacturing and non-manufacturing industries across 47 counties. Zhang et al. [32] analyzed the energy consumption efficiency among prefecture-level cities in the Jiangsu province and found that the overall energy consumption efficiency of these cities displayed a downward trend. Jiang [33] analyzed the energy consumption efficiency and associated influencing factors of 110 Chinese prefecture-level cities, and proposed "one city and one policy" as part of energy development strategies. Also, Imran [34] , Sun [35] , Huang [36] , and other scholars have also researched the measurement of energy efficiency at the city or smaller levels.
Currently, most existing studies focus on the partial measurement of certain aspects of energy consumption efficiency, but research on the comprehensive measurement of both economic efficiency and environmental efficiency is minimal. The extant studies measure energy consumption efficiency on the temporal dimension, but the integration of spatial analysis is often lacking. In other words, systematic research on energy consumption efficiency that includes both temporal and spatial dimensions is very limited. Therefore, this study should compensate for the gap in the existing knowledge.
Research Method and Data

The Assessment of Economic-Environmental Efficiency in Energy Consumption
3.1.1. DEA DEA is an assessment method used for studying the relative efficiency among organizations of the same type (decision units) with multiple inputs and outputs [5] . The basic principle is to first determine all the production possibility sets according to the original data, then compare a single decision unit with the determined optimal production frontier so that the relative efficiency of the decision unit can Sustainability 2019, 11, 591 4 of 17 be calculated. Based on the research results of Ewertowska [37] , Borozan [11] , Fang [38] , and Wang [18] , this study selects the slacks-based measure-undesirable (SBM-Undesirable) model to measure the economic-environmental efficiency in energy consumption.
The establishment of the SBM-Undesirable model is based on the following principles: Let us assume that there are n decision making units, m input indicators, s 1 expected outputs and s 2 non-expected outputs. Therefore, for the ith decision-making unit, the corresponding input matrix X, expected output matrix Y and non-expected output matrix Z are:
All production possibility sets based on the decision-making units are:
The mathematical form of the model is:
In these formulas: ρ is the objective function of the SBM-Undesirable model; x k , y k , and z k represent the indicators of inputs, expected outputs and non-expected outputs, respectively; st represents that the objective function is subject to the set of restrictions; s − , s Y and s Z represent the relaxation variables of inputs, expected outputs and non-expected outputs, respectively; B − , B Y and B Z represent the relaxation vectors of inputs, expected outputs and non-expected outputs, respectively; and λ is the density vector, representing the weight of each element. If ρ = 1, and s − = s Y = s Z = 0, this indicates that the decision making unit is valid; otherwise, it is invalid. In the latter case, there is room for further improvement with regard to inputs or outputs. The calculation of Formula 3 and 4 can not only measure the impact of energy consumption on economic development based on expected output, but also effectively evaluate the impact of energy consumption on the environment under non-expected output.
Indicators and Data
According to the researching findings of Yang [39] , Chen [40] , Suzuki [16] , Zhu [41] , and Guan [14] , we select indicators that are used more frequently and conduct research based on 31 provinces, autonomous regions, and municipalities directly under the Chinese Central Government (regions in Hong Kong, Macao, and Taiwan are not considered due to the lack of relevant statistical data) between 2000 and 2017. The specific indicators include:
Input indicators:
(1) Energy input: The total amount of energy consumption, with relevant data obtained from China's Energy Statistics Yearbook.
(2) Capital investment: The investment in fixed assets of each province is based on the cost price in 1999, with relevant data obtained from China's Statistical Yearbook. [5, 10, 14] , and environmental output data obtained from China's Statistical Yearbook.
Spatial Autocorrelation Analysis
Global Spatial Autocorrelation Analysis
The global spatial autocorrelation can be applied to analyze the spatial correlation and cluster patterns regarding energy consumption efficiency in the region as a whole and is generally performed by calculating the global Moran's I index. According to the related literature [5, [42] [43] [44] , the formula used for quantifying the global Moran's I index is:
In which I represent the global Moran's I index, n represents the total number of samples, Y represents the average value of all samples, Y i represents the value of the ith sample, Y j represents the value of the jth sample, and W ij denotes the spatial weight matrix. A binary adjacency matrix is selected, where spatially adjacent = 1, and non-adjacent = 0. To further determine whether there is a spatial autocorrelation relationship, a significant test of I is required, with the formula as:
where Z is the test value of the global Moran's I, E(I) is the expectation of I, and Var(I) is the variance of I.
Local Spatial Autocorrelation Analysis
The global spatial autocorrelation only describes the overall spatial distribution patterns. However, since it averages the differences among regions, it does not reflect the spatial dependence of each region. Therefore, it is necessary to conduct a local spatial autocorrelation analysis so that the changing trend of spatial differences regarding energy consumption efficiency can be reflected more comprehensively, and the local spatial distribution characteristics can be better ascertained. According to the related literature [14, 42] , the formula used for calculating the local Moran's I index is:
where I i represents the local Moran's I index for the ith province, n represents the total number of samples, Y represents the average value of all samples, Y i represents the value of the ith sample, Y j represents the value of the jth sample, and W ij represents the spatial weight matrix. In order to further determine whether there is a spatial autocorrelation relationship, a significant test of I i is required, with the formula as:
where Z(I i ) is the test value of the local Moran's I for the ith province, E(I i ) is the expectation of I i , and Var(I i ) is the variance of I i . According to the results from the calculations, four types of spatial correlation can be defined: The types of high-high (H-H), low-high (L-H), high-low (H-L), and low-low (L-L). Among them, H-H and L-L represent a positive spatial autocorrelation, while L-H and H-L represent a negative spatial autocorrelation.
Results and Discussion
The Analysis of the Economic-Environmental Efficiency in Energy Consumption
Economic Efficiency in Energy Consumption
The economic efficiency in energy consumption between 2000 and 2017 was quantified for China's 31 provinces (municipalities and autonomous regions included), with the results shown in Table 1 . (1) The economic efficiency of China's energy consumption displays a rising trend. The average values increased from 0.656 in 2000 to 0.719 in 2017 (an increase of 0.063). In recent years, other scholars also conducted similar studies. For example, Zhang [45] and other scholars concluded that China's regional energy efficiency keeps increasing. Similarly, Tang [46] found that China's economic efficiency in energy consumption is also on the rise, and Zhao [47] suggested that China's overall energy usage efficiency is showing an upward trend. It can be seen, therefore, that since 2000, China has paid more attention to energy consumption, and its economic efficiency in energy consumption is continuously improving.
(2) There is a non-equilibrium situation regarding the economic efficiency in energy consumption across Chinese provinces. In 2000, the Guangdong province had the highest economic efficiency in energy consumption (0.971), whereas the Tibet autonomous region had the lowest economic efficiency in energy consumption (0.301), a difference of 0.67. In 2017, the Guangdong province still had the highest economic efficiency in energy consumption (0.990), and the Tibet autonomous region still had the lowest value (0.316), a difference of 0.674 (Figure 1 ). The gap is large, and this difference will exist for a relatively long time. As far as the provinces are concerned, Beijing, Shanghai, and many southeast coastal provinces, such as Guangdong, generally have a high economic efficiency in energy consumption, and they represent high-level development zones. By contrast, Xinjiang, Qinghai, Tibet, and other western provinces generally have low economic efficiency in energy consumption, and they represent low-level development zones. In recent years, other scholars also conducted similar studies. For example, Yang [39] concluded that China's eastern provinces generally have a high energy consumption efficiency, whereas western provinces generally have a low energy consumption efficiency, with a large gap existing among provinces regarding energy consumption efficiency. Sun [48] also found out that, in China, there are significant regional differences in energy consumption efficiency, and the current energy allocation is not practical. Wang [49] concluded that China's economic efficiency in energy consumption differs regionally, and China's eastern coastal areas are superior to other regions in this regard. Zhao [50] also found that industrial districts in eastern China are more energy efficient than other regions. It can be seen that, in China, the overall economic efficiency in energy consumption shows obvious regional differences. Geographically speaking, there is a decreasing pattern from the east toward the west, or from the southeast toward the northwest, which is mainly related to the geographical location and industrial structure. There is a good level of economic growth in the eastern region of China, as this region has a geographical advantage and full access to financial, technical and information-related support. As a result, the processes of sustainable energy transformation and development can be accelerated, and economic efficiency in energy consumption can be improved. By contrast, the opposite situation is found in the western region. A relatively greater industrial structure is found in the eastern region of China, which takes the lead in the implementation of sustainable energy transformation and development strategy, and the strengthening of the input and consumption efficiency of available energy, so that the economic efficiency in energy consumption can be ultimately improved. Again, the opposite situation is found in the western region.
Environmental Efficiency in Energy Consumption
The environmental efficiency in energy consumption between 2000 and 2017 was quantified for China's 31 provinces (municipalities and autonomous regions included), with the results shown in Table 2 . (1) The environmental efficiency of China's energy consumption displays a rising trend. The average values increase from 0.614 in 2000 to 0.668 in 2017 (an increase of 0.054). However, compared to the economic efficiency in energy consumption, its growth rate is smaller. In recent years, other scholars also conducted similar studies. For example, Chen [40] found that China's environmental efficiency has increased, although the growth rate remains low. Huang [15] concluded that China's environmental efficiency in energy consumption is generally fluctuating and rising, although the growth rate is limited. Yang [51] suggested that China's environmental efficiency has generally improved. It can be seen that since 2000, China has paid a great deal of attention to environmental protection, with environmental awareness continuously enhanced and investment in environmental protection continuously accelerated. Nonetheless, while the environmental efficiency of China's energy consumption keeps increasing, it is still lower than its economic efficiency.
(2) There is a non-equilibrium situation regarding the environmental efficiency in energy consumption across Chinese provinces. In 2000, Shanghai had the highest environmental efficiency in energy consumption (0.913), whereas the Tibet autonomous region had the lowest environmental efficiency in energy consumption (0.288), a difference of 0.657. In 2017, Shanghai still had the highest economic efficiency in energy consumption (0.975), and the Tibet autonomous region still had the lowest value (0.318), a difference of 0.657 (Figure 2) . Clearly, this gap is large and could continue to grow. years, other scholars also conducted similar studies. For example, Chen [40] found that China's environmental efficiency has increased, although the growth rate remains low. Huang [15] concluded that China's environmental efficiency in energy consumption is generally fluctuating and rising, although the growth rate is limited. Yang [51] suggested that China's environmental efficiency has generally improved. It can be seen that since 2000, China has paid a great deal of attention to environmental protection, with environmental awareness continuously enhanced and investment in environmental protection continuously accelerated. Nonetheless, while the environmental efficiency of China's energy consumption keeps increasing, it is still lower than its economic efficiency. (2) There is a non-equilibrium situation regarding the environmental efficiency in energy consumption across Chinese provinces. In 2000, Shanghai had the highest environmental efficiency in energy consumption (0.913), whereas the Tibet autonomous region had the lowest environmental efficiency in energy consumption (0.288), a difference of 0.657. In 2017, Shanghai still had the highest economic efficiency in energy consumption (0.975), and the Tibet autonomous region still had the lowest value (0.318), a difference of 0.657 (Figure 2) . Clearly, this gap is large and could continue to grow. As far as the provinces are concerned, Beijing, Shanghai, and many southeast coastal provinces, such as Guangdong, generally have a high environmental efficiency in energy consumption, and they represent high-level development zones. By contrast, Qinghai, Tibet, Gansu, and other western provinces generally have a low environmental efficiency in energy consumption, and they represent low-level development zones. In recent years, other scholars also conducted similar studies. For example, Song [52] found that China's eastern provinces generally have a high environmental efficiency. Chen [40] pointed out that significant differences exist regarding the As far as the provinces are concerned, Beijing, Shanghai, and many southeast coastal provinces, such as Guangdong, generally have a high environmental efficiency in energy consumption, and they represent high-level development zones. By contrast, Qinghai, Tibet, Gansu, and other western provinces generally have a low environmental efficiency in energy consumption, and they represent low-level development zones. In recent years, other scholars also conducted similar studies. For example, Song [52] found that China's eastern provinces generally have a high environmental efficiency. Chen [40] pointed out that significant differences exist regarding the environmental efficiency across Chinese provinces. Wang [49] concluded that as far as environmental efficiency in energy consumption is concerned, the overall development in China is unbalanced, with a decreasing trend from the east towards the west. It can be seen that, in China, the overall environmental efficiency in energy consumption shows obvious regional differences. Geographically speaking, there is a decreasing pattern from the east towards the west, or from the southeast towards the northwest, which is consistent with the spatial pattern of economic efficiency in energy consumption. Therefore, environmental efficiency is mainly affected by economic efficiency. In other words, regions with high economic efficiency in energy consumption should also have a high environmental efficiency, and vice versa.
Spatial Autocorrelation Analysis
Economic Efficiency in Energy Consumption
(1) Global spatial autocorrelation The Global Moran's I index, as shown in Table 3 , was statistically significant. In general, China's economic efficiency in energy consumption across the provinces displays a positive spatial correlation, with the characteristics of a cluster found at the provincial level. In other words, the economic efficiency in energy consumption is not distributed randomly; conversely, it shows a spatial cluster of high/low values. Provinces with higher economic efficiency in energy consumption tend to be adjacent to each other, whereas provinces with lower economic efficiency in energy consumption tend to be closer to one another. As time goes by, the degree of clustering keeps increasing, indicating that the spatial dependence of economic efficiency in energy consumption is becoming increasingly stronger. Figure 3 that the economic efficiency in energy consumption across Chinese provinces displays visible spatial cluster characteristics, accompanied by a strong spatial dependence and heterogeneity. Moreover, there are significant regional differences regarding economic efficiency in energy consumption. Shanghai, Guangdong, Zhejiang, and many other southeast coastal provinces generally maintain a high level of economic growth, representing a spatial cluster of high values. By contrast, Xinjiang, Qinghai, Tibet, and many other western provinces generally maintain a low level of economic growth, representing a spatial cluster of low values. As time goes by, the extent of clustering could become more prominent, accompanied by an increasing spatial cluster of high values and a decreasing spatial cluster of low values. For example, the number of spatial clusters of high values increased from nine in 2000 to 11 in 2017, while the number of spatial clusters of low values decreased from 15 in 2000 to 12 in 2017. In recent years, other scholars have also conducted similar studies, providing more evidence that there is a decrease in the number of spatial clusters of low values. For example, Zhang [45] found that China's regional energy efficiency displayed a significant spatial autocorrelation and noticeable spatial effects, with a decreasing trend from coastal areas towards inland areas. Tang [46] concluded that China's economic efficiency in energy consumption is spatially dependent with high heterogeneity. All provinces with a high efficiency belong to eastern zones with high levels of economic growth, whereas midwestern inland areas of China have intermediate or low levels of economic efficiency. It can be seen that China's economic efficiency in energy consumption displays some visible spatial cluster characteristics. In other words, there is a gradual transition from the east towards the west, or from the southeast towards the northwest, where high-value clusters have transitioned to low-value clusters. Therefore, the location factor plays a critical role in affecting the economic efficiency in energy consumption. 
Environmental Efficiency in Energy Consumption
(1) Global spatial autocorrelation The Global Moran's I index, as shown in Table 4 , was statistically significant. In general, China's environmental efficiency in energy consumption across the provinces displays a positive spatial correlation, with the characteristics of a cluster found at the provincial level. In other words, the environmental efficiency in energy consumption is not distributed randomly. Conversely, it shows a spatial cluster of high/low values. Provinces with higher environmental efficiency in energy consumption tend to be adjacent to each other, whereas provinces with lower environmental efficiency in energy consumption tend to be closer to one another. 
(1) Global spatial autocorrelation The Global Moran's I index, as shown in Table 4 , was statistically significant. In general, China's environmental efficiency in energy consumption across the provinces displays a positive spatial correlation, with the characteristics of a cluster found at the provincial level. In other words, the environmental efficiency in energy consumption is not distributed randomly. Conversely, it shows a spatial cluster of high/low values. Provinces with higher environmental efficiency in energy consumption tend to be adjacent to each other, whereas provinces with lower environmental efficiency in energy consumption tend to be closer to one another. [15] found that China's regional environmental efficiency in energy consumption displayed significant spatial differences, with a decreasing trend from the east towards the west; furthermore, there were obvious spatial non-equilibrium features. Wu [53] also concluded that China's environmental efficiency in energy consumption displayed significant regional differences and spatial correlations, showing a gradual reduction in development patterns along the east-central-northwest-west geographic gradient. It can be seen that China's environmental efficiency in energy consumption displays some obvious spatial cluster characteristics. In other words, there is a gradual transition from the east towards the west, or from the southeast towards the northwest, where high-value clusters have transitioned to low-value clusters. Such spatial distribution characteristics of environmental efficiency are similar to that of economic efficiency, as the location factor plays a critical role in affecting the environmental efficiency in energy consumption. 
Conclusions
The economic-environmental efficiency in energy consumption displays a positive correlation, which is manifested as a parallel and synchronizing relationship. On the one hand, when the economic efficiency in energy consumption is high, the corresponding environmental efficiency is also high, and vice versa. On the other hand, as the economic efficiency in energy consumption increases, so does the corresponding environmental efficiency and vice versa.
At a national level, China's economic and environmental efficiency in energy consumption is generally on the rise, but the rate of economic efficiency, environmental efficiency, and the overall development level show some discrepancies. For example, economic efficiency is higher than environmental efficiency, which is consistent with China's actual development. At the provincial level, there are obvious regional differences regarding economic and environmental efficiency in energy consumption across the provinces, with a descending pattern from the east towards the west, or from the southeast towards the northwest.
For China's various provinces, the economic efficiency and environmental efficiency in energy consumption display a positive spatial correlation, as well as a robust spatial dependence and heterogeneity. The economic and environmental efficiency in energy consumption is not distributed randomly; conversely, it shows a spatial cluster of high/low values. The eastern coastal area of China represents a spatial cluster of high values, whereas the midwestern inland area of China represents a spatial cluster of low values. China's economic efficiency and environmental efficiency in energy consumption display some visible spatial cluster characteristics as far as a spatial distribution pattern is concerned, with a spatial cluster of high values transitioning to a spatial cluster of low 
For China's various provinces, the economic efficiency and environmental efficiency in energy consumption display a positive spatial correlation, as well as a robust spatial dependence and heterogeneity. The economic and environmental efficiency in energy consumption is not distributed randomly; conversely, it shows a spatial cluster of high/low values. The eastern coastal area of China represents a spatial cluster of high values, whereas the midwestern inland area of China represents a spatial cluster of low values. China's economic efficiency and environmental efficiency in energy consumption display some visible spatial cluster characteristics as far as a spatial distribution pattern is concerned, with a spatial cluster of high values transitioning to a spatial cluster of low values from the east towards the west, or from the southeast towards the northwest. As time goes by, the extent of clustering could become more prominent, accompanied by an increasing spatial cluster of high values and a decreasing spatial cluster of low values.
China needs to improve its energy consumption efficiency further and promote sustainable energy transformations. First, regional cooperation needs to be strengthened in order to enhance the diffusion capacity of the eastern coastal area of China with a higher energy consumption efficiency. Consequently, the energy consumption efficiency in surrounding areas could be guided and improved, spatial differences could be narrowed, and an overall improvement in multiple areas could be achieved simultaneously. Second, certain 'tilt' policies designed for the central and western regions of China with a lower energy consumption efficiency could help accelerate industrial restructuring, strengthen investments in capital and technology, and enhance environmental protection. As a result, their energy consumption efficiency could be improved effectively, and the overall level of China's energy consumption efficiency could be enhanced dramatically. Third, China's energy structure needs to be further optimized and adjusted, and the proportion of "green" components in energy consumption and economic growth needs to be increased, thereby improving the energy consumption efficiency and promoting the coordinated development of economic and environmental efficiency in energy consumption.
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